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FURPOSE 


The purpose of this investigetion is: (1) to 
Gevelop e plen for the effective determination of appli- 
cabllity of the MacAdem ellipses to smell color differences 
in textile semples; (£) to determine the limits of chroma- 
ticity perceptibility of the humen eye to amall color 
a@ifferences in wool textile samples; and (3) to establish 


@ basis for the graphic specificetion of color tolerences 
in textile samples, 


+ a 


& Introduction 
As a result of the sdoption of the standard 


observer and a set of three primeries by the I.0.i. in 
1931, it hes boen possible to specify colora setisfae~ 
terily in this system!, ‘This specification alone is not 
sufficient to denote the least perceptible difference 
between color A, whose coordinates sre x, y, end Y, and 
color B, whose coordinates are (x+ ox), (y+ ay), and 
(¥+ AY) 

A survey of previous investigations into the 
problem hes been made by Devidsen®, tie deseritbes the 
Classes of deta previously sacecumuleted and points out the 
need for further date on the sensitivity of the eye to 
ameall color differences of surface colers under common 
viewing conditions, His investigation was intended pear- 
tielly to fulfill that need, This paper, alsq is intended 
to provide deta to that end. 

Sinee eolor cen be specified by « series of 
coordinates, it follows that there should be « meens of 
specifying color tolerances in those coordinates, A means 
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of color tolerance specification is definitely needed. 
But if this color tolerance specification is to heve any 
meaning, if it is to heave any practices] use, it must be 
based on a sound interpretetion of fect. It must not be 
on erbitrery specification, In order to remove it from 
the reelm of the arbitrary, the sensitivity of the eye, 
under common viewing conditions, muat be considered. 
Obviously, it is not necessary to set the specifications 
Closer then oan be seen by the eye under common viewing 
conditions, This wovld necessitate super-control and the 
attendant increase in cost, On the other kend, it would 
be folly to set the specification so far removed thet it 
could easily be detected by the eye under common viewing 
conditions. 


fhe need for a coler telerence specification is — 


as necessary ae the need for dimensional specifications 
in the machine tool industry. It could well be conmon 
practice in the future for textile febric contracts to 
contain coler telerance specifications, much the same es 
they are included in other industriel contracts today. 
It will be a great satisfaction for purchaser 
and menufecturer slike to be sure of their ground when 
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entering into s contract. The menufecturer will have no 
fear that the fabric he ships will be rejected as "shady 
goods” or off color, as leng eas he hes assured himself thet 
the color tolerance specification hes been mety and, if 
necessary, he can prove hie peint. By the same token, the 
purcheser cen rest assured that the fabric he buys will 
meet the cpecificationsa, er it oan definitely be rejected 
with no point for ergument. 

Ho longer should it be necessary for the pur- 
chaser to depend on the semple cf the color he sends to 
the mill an@ run the risk of its feding or becoming soiled 
in henéling, to elter the color of the finished product. 
The specification may be sent by letter, by telegraph, or 
by telephone with complete assurence, However, until the 
time when ell] doubt regarding the cclor tolerance specifi- 
Gation has been removed, the mill will want «# sample to 
work with, in addition to the specification. Subsequent 
measurements will surely reveel whether or not the 
"stendeard" hese changed in time. The semple cen elways be 
used in getting the desired color within range of the 
gmell color difference concept. 

The following is ea persgreph quoted in pert from. 
@ paper by wachdem®s 
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"The mensurement and specification of solor is e 
well established technique. Color specifications 
reveal whether or not two sources radisting dif- 
ferent spectral distributions appear to have the 
same color, for the average human observers 
Simiierly, the colors of reflecting materiais 
are specified in e menner which inciecsates immed- 
ietely whether or not several samples havi 
different spectral reflectance cheracteristica 
eppeer slike under certein cenditions of 
flluminetion. These speeifleations give precise 
meaning to coler standerds, The specification 
of color standards can be recorded, and can be 
communicated, in the form of quantitative 
vVelues whieb ere reproducible at will in all 
edequately equipped labereteries. Color stan- 
dards need no longer be dependent upon the 
preservation of materiel semples of questionable 
permenonee,” 


It must also be noted thet until the time when a 
scolor tolerance specification is esteblished there will be 
continued confusion between the terms “porceptibility” end 
"acceptability". There will be, as well, « tendency toward 
convenient substitution of one for the other, as the case 
may require, it 4 important to note thet in theory, per- 
ceptibility is the only concept upon which to base a color 
tolerence specificstion*, However, in practice, accepta- 
bility is the guide. This results in a situation where 
the idiosynerecies of the purchaser must be taken into 
account in obteining eae “setisfactory color match", In the 
cases where these prejudices are not known, doubt exists. 


. 
| 
Where they are known, it mesns that « myriad of individuel 


"standards" must be considered, In case it ie not possibl 
to obtain » metch, the specification may have to be changed 
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to meke a pleasing mis-match acceptable, 

It is, no doubt, true that the perceptibility 
limits are mmaller than the acceptability limite. Yet it 
is on the basis of perceptibility limits which we must seek 
the color tolerance specification, for it will be seme 
fraction of ell acceptability stenderds., It will also 
define the smellest limit whieh we need specify, once 
the perceptibility limit is established, eny size of 
acceptability limit mey be set with full tmowledge of what 
it means, 

| D. lee Machdem® published « comprehensive study 
of visuel sensitivity to color differences based on a 
large volume of Gate. His meesurements were made at son- 
stant iwmmincsity, enabling him to represent grephicaily 
the small color differences as a plenar quentity, chroma- 
ticity. He concluded frem an analysis of these data that 
on ares in the shape of a ellipse sbout a given point on 
the schrometicity Ciagrem would include all the chromaticity 
points which were indistinguisheble frem the point at the 
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center of the ellipse, The size of the ellipses, their 
eccentricities and their orientation varied from region te 


region on the chromaticity trienglie, A grephical ropresene- 
tation of twenty-five such ellipses was shorn in that 
peper,. Silberstein®, in e theoreticel study, confirmed the 
fact thet the deta should be elliptical when plotted, 

At e later date, MecAdem” published e peper 
which developed the iden that there was a system to the 


@llipses, es might be inferred from the graphical represen 
tation of the twenty-five ellipses on the chromaticity 
Giegrem, Aa ea result of that work, it is no longer 
necessary to extrapolate graphically erong the twenty-five 
@llipses to find the size and shepe of the ellipse eat any 
Gesired point on the chromaticity @iegram. | 

By means of three contour-like diagrams, it is 
possible tc obtsin three constants which, when substituted 
into the following equetions, yields; (1) the length of 
the semi-major exis, (2) the length of the semieminor exis, 
and (5) the angle of inclinetion of the mejor axis of the 
ellipse to the horizontsl for eny desired point on the 
chromaticity diagram. 
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This might at first appear to be a complete sol 
tion to the problem. On the basis of these deta end upon 
the conclusions drawn from it, wo should heve e true color 
telerence specification, However, it must be remembered 
that this is only the first step, that these measurements 
were mede under idee] viewing conditions, that beame of 
light were used for comparison, en extremely limited 
epplication, and not surface reflecting semples, Further, 
@ smell field (2°) was used, and Wright states that dis- 
Griminetion is inversely proportional to field sise. In 
other words, the smaller the fisid, the larger the detece- 
table difference, However, it should be proportional 
throughout the spectrum, 

Vhet remains to be done is to apply, if pessible, 
Mecihdam’s date to other fields, particularly to the field 
of surface reflecting materials, and apecifically to 
surface reflecting textile materials. 
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In still anether peper by Brown end Machdem®, the 
investigation was cerried to the three dimensional aspect 
of the visual sensitivity to combined chromaticity and 
duminosity differences, Eventually, the problem at hand 
must be considered in this respect, but in this investiga- 
tion in order to use MacAdem's data, restricting the 
Variations to the plane of the chromaticity diagrem was 
necessary, 
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Be Stetement of the Eroblom 

The problem stated simply is thie: Gen the 
Vieusl sensitivity te chromaticity es eeteblished by the 
_ Macddem papers be used in practical applications to the 
eoler aitterenee problems occurring in wool dyeings end 
blends? 


In order to answer this question, an experiment 
must be devised to supply moasurement data euffieient in 
scope to support ex general conelusion, Certsin steps are 
required to conduct the experiment to the desired end, 
These ares (1) to obtain « supply of samples, (£) te have 
@ means of measuring the semples, (5) to previde a meens of 
Visually judging the semples, and (4) to make an interpreter 
tion of the date. 

4s regards the firat step, the supply of semples, 
there should be a sufficient mumber to approach the probe 
lem with some statiatical surety, They should be made 
easily and quickly. The tests, in effect, are “destructive” 
since the semples must be small enough to be inserted in 
the spectrophotometer and else emall enough to be handled 
in quantity by the judging colorists, There must be a 
moans of varying the chromaticity es desired and helding 
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the luminosity constant, They should be fest te light. 
They should be self shedes, close enough to one enother so 
thet the difference in color can be classed as s small 
color difference, 

As regerds the second step, a means of measuring 
the semples, first consideration must be given to the 
system of coordinates best suited, Fortunetely, the 
systen of coordinates which is most edapteble is that of 
the Internstionel Gommiasion on Illwnination, Since a 
grest deal of the basic work has been done in this system, 
together with the fact that the recording spectrophotomete 
is a most secepteble measuring device which produces 
enewere in this system, the IeG.i.e system and the record~ 
ing spectrophotometer are well suited as the moans of 
measuring and designating the colors, 

As regards the third step, a means of visually 
judging the semples, a “stenderd observer" is needed whose 
judgments ere completely objective, but the "stendard 
observer” is unavailable. Therefore, some approximation 
to the “stendard observer" must be made, A group of 
Colorists should be evellable to fudge the samples, They 
should judge the samples in such a way aa to minimize 
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personel prejudices, The viewing conditions should be 
standardized, Each semple should be Judged a number of 
times end the sequence should be randomized. 

As regerds the fourth step, on interpretetion of 
Gate obdteined under steps two end three, a correlation or | 
lack of correletion between the two sets of data must be 
sought. Thie correlation must be spprosehed from a 
steatictical viewpoint. 
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&- Fropesed Method of Solution 
& satisfactory supply of samples mey bo obtained 


by pedding worsteé top. In this manner eny desired 
mumber may be mede quickly and easily, Wo difficult is 
eneountersd due to the “destructive” nature of the 
requirements beesuse the samples ere mede for the purpose 
of the tests only, The top may be dyed to any color 
whose region on the chrometicity dlagrem it is desired te 
investigete, beering in mind the fact thet present known 
Gyestuffs do not cover the chromaticity diagrem compl stel 
Self shade dyeings may be made, of which any blend deal 
may be mede, This gives ecnsiderable letitude in selece 
ting semples of slmost any desired chromaticity, And it 
fe assumed for the present thet the semples so prepered 
Will be of Very nearly equel luminosity, This mothod 
seems to fulfill the requirements es set forth in the 
statement of the problem, that the color differences 
obtained may be classed as amell coler differences, 


The means of measuring the samples and designs<- — 
ting them in the I1e0.I. systom is adequately provided in 
the Generel Electric recording spectrophotometer®, | 
equipped with a GAF 1ibrascope tristimius integrator!°, 
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Tt poses ne reel problem for it 1s reletively simple to 
operate, The mersurement cycle io started and when it is 
finished the tristimilus values X, ¥, and 2 sre reed 
Girectliy from the integreter, The brightness or ivainoakty 
Value is given direstiy es ¥. The trichremetic soeffice 
lentes x and y are obteined by simple calculations from 
the following reletionships: x 3 wpe and 

7” “yey. All thet remains to complete thie part of 
the experiment is to plot the chrometicity veluce on an 
expended (lergs sesle) portion of the chromaticity 
alagran.s 


The meane of judging the semples is relatively 
more difficult in thet it requires the time of the color~ 
iste and a recorder to determine end tebvlete the date. A 
system similer to the one suggested by Davideon” seers 
satisfectory. It involves having the colorists judge each 
Semple relative to thet sample arbitrerily designeted as 
the etanderd, Each semple is judged three tines non-son- 
asecutively end at rendem, The colorist is asked to say 
whether the eample in question le regerded by him as 
brighter, duller or a mateh in brightness; redder, 
greener, bluer, yellower, or o match in hue; woaker, 
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stronger, or a match in strength. This method follows 
Closely the common practice smong coumercial textile 
eolorists, A point in question is whether or net these 
 factore--brightness, hue, and strengthe-are the counter+ 
perts of the IsC.ls aystem factors-<-luminence, dominant 
wave length, ond purity. The difference is a subtle one, 
being thet the former are sensations which cannot be 
moasured and the latter three ere oelled psychophysical 
mecsurenontea which can be obtained by means of the apectre 
photometer and the “stenderd observer", For the purposes 
of this work, it is aseumed that there is a correlation 
qmong the terms. in further writing this point will be 
Gisoussed in more detail. 

Five or more individual eolorists should be 
asked to contribute thie information, It must be collected 
end eanolysed statiaticelly in order to errive at e single 
@veluation for ench smmples, Tho statistical consensus 
is teken to be the deoision of the “standard observer". 

The interpretation phase of the experiment tone 
sists of plotting the chromaticity of each semple on the 
chromaticity diegrem, constructing the MacAdam ellipse for 
the chromaticity point of the stenderd from velves 
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obteined from the equations described serlier, This 
Givides the points inte two groups-«-those lying ineide end 
those lying cutside ef the ellipse, The stenderd 
Observer's decision aleo will have divided the date into 
two groups--those semples which match the stendard end 
those which do not. 

This gives rise to four possible situations. 
First, that all the pointe inside the ellipse are judged 
to be a meteh in echremeticity and el] the points outside 
the ¢llipse are judged to be not a mateh In chromaticity. 
Second, that o11 points inside the ellipse and seme oute- 
side the ellipse sre judged to be a mateh, Third, that al) 
points outside and seme inside are judged to be not a 
match, Fourth, that there is an indiscriminate distribue 
tion of matches and non«matehes, that is, some points 
inside end some outside ere judged to be e match while 
some points inside and seme outside ere judged to be not a 
meatoh. 


if the first case is found te be the fact, then 
there is some correlation and the MecAdem ellipse es cal 
Gulisted may be used as the limit of perceptibliity for 
textile semples made from wool. If case two is found tob 
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the fect, the ellipse may have to be enlerged, If case 
three is found to be the faet, the ellipse may heave te be 
mede gneller, Or if case fouris found te be the fact, 


then there may be no correlation end the ellipse theory 


may have to be set aside for this perticuler purpose, 
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Since very little work has been published on this 
specific problem to date, the first experiments must 


mecesssrily be in the form of limited feasibility testa, 


Therefore, it was decided to limit the scope ef the 
experiment to a atudy of textile semples made of wool, 

The type of semples described herein have several adven- 
teges over types used in previous experiments. The dyed 
swatches used by Davidson” geen to be more difficult to 
obtain in quantity and in the desired chromaticity, 
Variebles in dyeing shovld prove to be « hindrenee, The 
Semples used by Seott!! were taken, aa avellsble, from the 
files of sm inspection depertment, There was no choice 
as to number of semples nor as to the chrometicity, The 


permanence of oheractoristics of these semples is question 
eble due to the length of time they mey heave been in the 
410% see Figure VII. 

The propesed method is not without ita limites 
tions, however, For exemple, the sssumption that two self 
shades of 0.75% end 14 dye on the weight ef stock would 


give e satinfectory spread of chromatics ties wer dis 
proved because the points cecurred too far apert on the 
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Ghromaticity diagram, The remedy, of course, was to make | 
the dye concentrations closer togethers 
| Bven efter the dye strengths were brought closer 
“ together, it was found thet pads made entirely of only one 
abade of the dye were giving a considerable distribution 
of cbromaticttios, There was no known way of controlling 
these chrometicities and they had te be secepted as thoy 
were, since the pad meking procedure head been standardised 
as far as possible. 
| Regerding blends of the shades, it wee thought 
that the locus of shrometicity points should preseed in «a 
feirly straight line from 100% shade A to 100% shede B, s 
réelstively short distance, depending upon the pereontages 
@f each shade used for a perticuler semple., Thie preved 
to be the cease for the first series of orange peda. Howe 
ever, when it wee tried to cbtein chremeticity points In 
betwoen two points already plotted, those points positioned 
themselves below the originel locus of pointe end were out 
of the sequence hich might be expected from the percen- 


teges of each shade meking up the samples, See Figure V. | 
The dyed stock wee inadvertently left exposed | 
te light in the leboretory between the first and second 
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series of pats, It is believed that the stock faded duri 
this time, eccounting for the dieplecement of the points 
below the original leeus of points, The verience due to 


the ped making mey explain why the points occurred out of 


eequence. It is possible that one ped obtained the maxi- 
mum Variance te the right while the sdjecent one cbteined 
the maximum varience to the left, end as a result they we 
apparently interchanged in position, None of the crange 
semples were put to the solorists' test phase of the 
@zperiment because there were not enough samples in the 
first series whose chremeticitieos were in the most desir+ 
eble positions relative te the stenderd and, therefore, 
relative to the MecAdem ellipses gonstructed around it, 
The obvious feding of the steck precluded any confidence 
in results subsequently obteined, It was, therefore, 
Gecided to set aside thie work in order to incorporate the 
intelligence obteined into the next series of semples of 
enother colors see Figure VI for construction of ellipse 


end plot of points. 
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Beight of top each dyeing: 
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Weight of each sample: 
Blemiings 

Pulling Solutions 
Padding Machine: 


Padding times 


Washing end drying: 


Composition ef each sample: 


64's Vorated Top 
£6 grems 


(1) Walling Past Orange, 
O.76% and 140% St: th 

(2) Palatine Past Blue 
0.78% and 0.90% os om, 


1.6 grems total 
Hand Cand 
S745 arene Golgate's £10 


soap and 15,0 creme of acda 
aah per liter of water 


Seq sketch following 


&- 6 minutes per side - 
Averoge time 4 minutes per 
side - Use aia oc of fulling 
solution per plus a 
amell amount of oy Be water 


Washed with cocl water 
hend « preacsed excess moin@ 
ture out by hend in towel + 
Dried ene on a hot 
heed press set to the tome 
perature for wool 


See an following and 
Figure I, Me 


The worsted top wae washed in Neccanol. ne 26 


grem lot was dyed with 0.768% of 


_* Me 


orange dye on the weight of 


i 
by 
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a. <5 


it wes found to have been slightly felted or matted, due 


 g@mount of each of the two shades of orange wee weighed out 


etock and another £5 grems with 1,07 orange dye, The sane 
proceedure wea followed throughout for the blue samples 
except that the dye strengths were 0,75% end 0.90%, 

then dyeing was completed end the stock was dry, 


to the agitetion tn the hot dye bath, The bend card was 
used to open and disentangle the fibers, The desired 


on a beem balance and blended on the hand card. Small 
tufts of each shade wore interspersed to start the blend-+ 
ing, followed by successive carding eyeles until the rene 
Deceme eo homogeneous mess. 

This blend of fibers was pleced in the padding 
machine together with 10 ec of the fulling soap desoribed 
above, The top weight wes inserted ond the machine was 
turned on, Enough het water was added to keep the weight 
rotating slowly in the oppesite direction to thet of the 


escentric. 

At the end of four minutes the mechine was 
stopped, the ped was turned over end run egeain for four 
minutes, The ped wes then removed, washed gently under the 
tep, pressed free cof oxeess water with a towel, and hot 
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B Measuring the Samples 


_ Instruments 


‘Deseription: 
‘Stendards | 
‘Precautions: 


Re Sehs Curves’ 
Calibretion?®, 


integrator: 


Calculations: 


Generel Eleotric Recording Spestro- 
photemeter with GAP librascope 
tristimulus integrator lceated at 
the Derby Compeny, Inc, Laboretory, 
49 Blanchard Street, Lewrence, 
Hessechusetts 


See Bibliography « (12) 
White vitrolite 


Bach semple was becked with another 
to make sure no light wee transe- 

mitted through the ple «+ integre- 
ting sphere wes cove 


See sample curves following 


The ourve of a neutral Jens filter 
wes taken et the beginning of each 
serics of measurements, to be sure 
thet the instrument was calibrated 
the seme on each occasion 


The veriense of the integrator 
Was calculated from twenty suc- 
cessive measurements on the same | 
semple « the results are shown ' 
below 


(A) The tristimulus velues X, Y, and 
Z were read directly from the 
integretor at the complistion of | 
the measurement cycle, The trie 
ehrometic eoeffiaients zx and y 
were celeculated from the 
following formulas: 


seyreer yercicr 


These Velues were then oer 


on @ large ecale chromaticity 
diagrams 


« 50 « 


{B) Method of plotting the MecAdem 
@llipses for eny chromaticity 
at equal luminenee: 


(1) Find = and yx of the 
standard, 


(2) Using fhe appropriate 
oharte”, read values of 2345 


Sepe ond 28 06 


(3) Prem the following equn- 
tions, ccmputes 


(e) @, the angle the major 
exis mekes with the 
horisontel 

{b) a the semienajor axis 


{¢) & the semieminor axis 


Equations 
(a) Tem fe 2 , , 
€11 ~ Bee 
11 ~ Gee 


(») e& s 
Vas Tes F Gs VOT 
(Ea, wr 
Notes These equations apply eniy to the case where the 
luminosity or brightness difference between the 
stenderd end the mateh ere insignificant, This 
holds for the resulting ellipses alabe 
nm 
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The semi«minor end semt~major axes, a and b, should 
be multiplied by © te obtein the axes of an sliipse 
pertaining to a just noticeable difference (jeneds)s 
in finding the angle 2@, it should be remembered 
thet if 2@ © Yen"! a, then if A ie minus, 
2@ * 190° « 2¢, 
Semple Caleuletion: 

Blue Stenderd, Semple ¢4 

x * ,f180 

y ® .2267 

From Chertss 

&, * 183 x 104 

28,2 % «70 x 10% 

Sip * “85 x 104 

Bog * 28 x 104 


ee Te 
Ten 26 * (iss x 10%) « (28 x 10%) * ios ~*886 


26 8 180° + 6 # 180° » 36,69 @ 146,4° 
@ 8 75n2 , Cot @ @ ,Z0L9e 


a ab Sn + snes seem Be ten oy 
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* GaxlO? + (wS5xLO%xOote) “ 26 + (10,68) ve 727 i 


® ,0875 x 10° 

© 4240x1078 «& ,0084 

» = ,0048 

zs 8 401440 ax & @ 46072 


LSSnl0* « (910,65 x 10%) * 435,65 ‘the 20069 x 10"¢ 


* .,0264 21078 «» coors 
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VARIANGE IM ZWK INTEGRATOR 
Deviations from Agsumed Keon 


(x=. £170) (x-.2170)® (yrs 2290) (yo. 2290)* eer sor 


t ? 
4 i aha Remendangael 
et 
H&hAOHOr’ALSLOOA HPO’ AHO 


1 1 1 4 4 
£ 4 16 0 0 
3s 2 1 6 36 
4 0 r) 10 100 
5 1 1 3 9 
6 2 4 16 £56 
7 3 9 5 25 
8 7 ae é BE 
9 12 144 5 2s 
10 9 82 11 121 
12 9 al 2 64 
12 19 S61 66  —4225- 
13 6 36 2 4 
14 3 9 3 9 
15 iz 144 a 64 
16 6 36 6 25 
17 12 144 il 122 
18 16 256 1 1 
19 20 400 7 49 
20 <4 225¢ BX 
éxhix® 1977 2929 192 5463 ese4 
(éx)® ases 36481 7596 
Sxhin® 143 1772 126 1238 40 £08 
(2x)*° 2040 15876 1600 
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Weximum Velue #20 34 qs = ,41g Mis execeds the 
Nearest Value £0 aa . 7 ection quotign 
Difference 14 so ae ae Bg ton oe 
Renge 54 be polested. 
Mexinnm Velue 712 65 ! 
Nearest Value . 17 Qs = * 740 Ditto . 
Difference 48 
Range 65 
Henin Value #12 #46. = oe. ryt 
Nearest Velue 10 q 8 _ * .7652 Ditto 
Difference . 3G 
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(1) the fourth decimal place is estimated when 
reading the trichremsatic coefficients fram 
the integrator. 

(2) The smallest senile division on our chroma- 
ticity diagrome is 0.0001. 
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(ICI Method of Specification) 
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SABPLE COMPOSTTION VSe LeSele COORDINATES 
| felstine Zest Blue SGk 
_ Sty of Stook ae Blend ae tld Brightness 
fos ostss 460s DE DE “Z eee 
1 1.6 DeO 100 9 2149 .f524 2077S 
£ lef Oe3 86 £0 ofl e402 208S3 
é 0.3 O66 60 40 ,2161 2248 O75S5 * 
4 O78 0075 60 80  ef£160 »8267 0757 Sta 
& Oe6 OeS 40 60 ef165 2269 20769 * 
6 Od isk £0 80 of147 42819 2 0684 od 
7 Oe® 125 100 O »f166 ,248 »O719 
8 0.75 O75 86 BO e£156 8809 20614 
9 0675 Oe75 S50 SO «8150 8205 ,0776 
10 0675 0075 60 680 ,2202 2293 eO77S 
11 Oe 76 0.75 $0 80 «8808 «.8270 .0762 
eS 0-75 O75 $0 8=—6« BO e2192 ,2267 20756 
1s Os75 0.75 50 56 22199 2261 2078S 
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GC. dJugsing the Sermples 
A method simtler to that described by Davidson® 

wes chosen. The semples were marked face end back and 
identified by a amsil teg on the back, ‘The twenty-five 
semples were offered independently te five colorists to 
judge. Esch colorist judged the semple three times with 
respect to the standard, They did not know when they were 
getting e semple they hed judged previously. The date were 
tabulated as illustrated on pege 48. 

A ehart such as the exanple tebulation was Grewn 
up for each semple. With the tebuletion sheets ond the 
file of gemples before him, the recorder removed the 


semples frem their envelopes end pessed them one at a time 
to the colorist who judged each one with respect to the 
stenderd in ony menner he saw fit, The recorder tabulated 
each judgment by the colorist by plecing a check mark in 
the appropriate spaee end returned the sample to its proper 
envelope. When ell the semplee had been judged once, the 
procedure wes repented a second and third time, The order 
in which the colorist received the semples was randemised 
on each repeat of the routine, Each colorist took a short 
rest pericd after judging severel semples to minimize 
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fatigue end eye strein,s A longer period of time was taken 
off between repeats of the routine, 

The MecBeth light with approximate 41luminent 
@ (7500° K}) wee used in order thet a11 judgments would be 
stendardized in this respect. Cshele and Celelie used the 
light located in the Textile Chemistry and Dyeing Depart- 
ment cf Lowell Textile Inetitute, Geli, J.G., and Pee 
used the light loeated at the Derby Laboratories. 


-~ 47 « 


a 


. Bek yeDad gelled andusteerd, @tttxs® Ltewes wo: 
sa Gye eatnaerses ydeet att. te beta! sight esi | 


hela | | \ 


"= e—<— @& 


aa hy Arby oh in SAE | Cae 


Colorist: GeAcks 
Bete: 3/20/51 


Composite Teliys 


Legends 


Brightness: 4 ~ 
Oo « 
ues Re 
¥- 
G « 
B « 
0 - 
Strengths Ww « 
& « 
0 « 


(all colortsts « one sample) 


a 


{one colorist - one semple) 


Retiehtor then the stendard 
bulier then the stendard 
A meateh to the stendard 


Rfedder than the standard 
Yellower than the standard 
Greener than the standerd 
Bluey then the stendeard 

A match to the etendard 


Weaker than the setenderd 
Stronger then the standard 
A metch to the standard 


: # 
eee 


a ae. | | : | 
oS Sr! 


= Se in Ps 
7 F Fo 
oe ke ba 25 


od 


4 


’ee2% 


. aoe = 


Cas SRS 


a 
i | 


a mu fee HAW hao 
wheat 
2 9 E OD 12 rt Ok OA WH dim © 


on Ome nnn nie 


BZiISBEBO FBB 


&& 


Brightness Hue Strength 
EZi&éEeo 


BE 


Hi Oo oO 

ae a jon 
ac ee onnnae 
we int 
on mo nie 

wae ee 
a ie 


Qa@e 24224 


— 
ene neonate ot 
be ol 

~ pe 
eclln eo 
» es 


a a. 


Tako eo me» ea 


tappo 20 es a 68 


cate 


rope 


RIGBS 
2 1 
2 i 
i 2 
2 1 
+ gs §F 
£ sd 


oles cm ee €2 Soles ca ca 2 ee 


Eales en 2 8 8 


Shes eeeaeses pct 


Of tah ta 


Iopo Gh te 


ad | 
aekere 


ts Cafro 


om bf ox 


| 
* 


Bee GBaxkS 24 


ry we 

- “ac - ’ " 
; chau 
oh 4 . 7 eng ee ah 

2 
=@ - . Pe air: ° _— < 
7 7 - ce ° a Cs - 7 i ae 

ee ad ’ | — A 


as 7 a ee 
bd Pa a aaeiies ei, 

7 , ake : —- bs cee nnd p : 7 fay = i, J - : = 

aS a iaeat gatbrias-,+ le scented yee 


fas a = 
ae 


Brightness Hue Strength 


nnn ns 


wat latet 


Oabon 


Sen aqns 


Set fo 
Raaa ko 


rie we O 


anne 


et lee 
eth 


2 52 &> OY 2 
ciet 


aa ies 
et et fe 


8 Ort MS © 


dd. igk j 
243338 
So Gw& -4 


ono eee 


cle 


annnees 


~ 58 « 


1 Eales H 8 €0 cn 


pH & po ce 


Ealo es ro €2 2 


“dpe ro fo 


= ta es 


Dafrae wR 


nm 1 OOM co 


a 


co He sc ta 


ej rc 


oe) 


& ~TRo 


3 I od 


a 
Mole he Io 


Ifwoc 


& fe to ca 


O8eakeA BSR 


a2 2 


Oct 4 Ka eo nn nme rt HR 


et rile el a te oe fa 
al et fet 


ml 9 2 08 9 Cllye eduiedee = #9 62 09 Gi Wf 1 2 9 et 1D 


“ > : : 
' 34 os a3 * "_ dng * «@ a *s * é 
ai inh | iszell td dhecdl | Bail 


g 


Brightness __ Hues _ Strength 
RXYSES BSD 
& 

i 
tz 
& 
0 
= 
ir 
3 
1 
3 
1 
tr 
& 


cath. oo 


a 


a 


~ 


De 


wt 
gepeeonn 


gee see 


en 


gPesnes [fa | 


s 


. 


nd Ont Sah a. 
¥ te 
7 [vi 

, ; . 


of 165 as indi- 
‘ cated 
Lower enge © G10 out of 15 
a * €-10 out of 15 


as indiceted 
o *® 11 or more out 
as a metoh 
® @ Point falle 
fasice, siLipee 


Upper case ® 12 or more out 


252 FR *SBRRESRRERESESEE 2OO ob B 
OSH TRKHSS eK MREBSSOGE Woh hO w 
con Qanmamananones «eanenanaa 

* 2% se * 
es & PeSkEERBESEZ EEE DS oc cme 
Wie 691288 tha 
san AAARAAAAN gResameanaam 


the 


: 
7 
g 
: 


Be 


7 


son uh il 
-. eae “tee eS SERS OS Fe eH 
ai aoe S ges SP DP PEE Rees . +m & 


awe waew 


2 z oy. Seen UUVeSRe ees teL twat 
g¥awos <uasonas es aa “Feo oe 


oe 
( 


iy 


, 
id 


ds 


aie 2 ee alee oe 2. 


wehiot sallict big i pte 


j 


i etlengqo + 


telson PD 


‘i 


ole 


| 
| 
, Sen~ Colorists! 


Ta! * 2 SP isn nike dene 


6 Dirt, sunset ‘ Judgment 

1 2077S + «9OS6 2-26 e +0.08 
2 2085S +e0116 Be4l 9 + 923 
3 2075S +e0016 Bef B # + 903 

4{ * ) «0737 6 %.18 ~ > 
§ 20769 + eO0S2 e258 B # + 407 
6 20684 #0055 oe 06 Bs = if 
| 9% 20719 «0018 Sel B = -04 
8 20814 + «0077 oeS4 ' Z + 86 
i] eOTFT76 + eG039 oe 26 B +208 
10 2077S +e003S6 Se 25 B +07 
| 22 20762 +e0085 Se8S B + «05 
12 20756 400019 See B + «04 
13 2078S +00046 3.27 B +e09 
14 2 O865 +e0128 Se45 ) +426 
15 ~ O86z2 + «0125 oe 45 b +225 
16é 20865 +s0L £8 245 bd +025 
17 eO8S2 +e0095 SeS7 e +ei9 
15 20920 +e01L8S be 54 b +e08 
19 2 0859 +e01L02 oe 89 5B +e2l 
| 88 20818 +0081 Sed v + 9l6 
21 eO071L2 0025 Geld B # @- 0S 
22 20720 #0017 Sel4 B # # 404 
23 eO7TE7 #,0010 5elS 5 aad 202 
24 20798 +e0El feS0 B + «lf 
25 B ~ ,06 


Column (3) is9 obtained by entering Nickerson's tables?* with 
the values in Column (1) and interpolating. 


Column (5) is obteined by subtract Gel8 (value of the 
stenderd) from scech velue in Column (3). 


Nickerson seys 0.1 velue step is a jemeds 
Bellemy end Newnall2®5 say 0.02 1s # jJenede at 6 chroma, 
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The preceding chert, Figure IV, is « graphical 
representation of the brightness values as measured by 
the ReiePe relative to the stenderd, Hach numbered ordi- 
nete represents the semple of the corresponding number. 
The height of the ordinete represents the difference of 
thet semple from the stenderd in brightness, It is e plot 
of the points in solwm (2) on page 56. 

If the point is circled twise, it means thet the 
Solorists’ judgment agrees with the wey it plets. Those 
with s helf circle and o lower ease b were Galied brighter 
in G10 times out of 15, 411 points below the horigontel 
line were called brighter in 11 cr more times out of 15. 
They are marked with e capitel B The other points are 
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GOMPARISON OF CHROWATICITE 


Prediction Colorists* 
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+ one-half agreement 
* «+ point falls inside the 
ellipse 


Sizteen out of twenty-four cheek. 
Eight out of twenty-four check one-half. 
Four of the six inside the ellipse check only one-helf, 
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SOUCLUSZONS 


fhe date obtained in this investigation indlcete 
thet this approach to the problem may lead te a satisface 
tory solution, A satisfactory solution depends in part 
‘upon heaving # lerge numbor of chremeticity points located 
in strategic pesitions, In this respect the dats presen- 
ted leaves something to be desired, It would have been 
better if more than one of the pointe felling inside the 
@llipse hed been judged « match in hue and strength, See 
Kesulte of Visuel Judgments, page 55, end Figure II. 

Without attempting ean explenation to the cone 
trary it would eppear that the deta prosented would compel 
the investigator te draw the conclusion thet cease three 
(see page 20) was the fact. In which event, 1t would be 
“peseseary to aay that the perseptidility ellipse should de 
@meller then the Mecddem ellipse. 

However, in reality ne such conclusion cen be 
Grew without an attempt to explain matters to the cone 
trery. It is believed thet a plausible ergument can be 
advanced to explain why some points falling inside the 
ellipse were judged to be not a match to the standard. 
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The case for ergument is based upon other information 
derived from the same data. The information obtained 
independently supports the views of Devidson?® in perte 

Figure IV, page 57, bring to attention the fect 
thet apparently there is little correlation between the 
brightness judgmenta of the colorists end the luminance as 
menesured by the spectrophctometer, Six semples (6, 7, fl, 
#2, 23, and 25) were judged by the eolorists in eleven or 
more times out of fifteen to be brighter than the standard, 
whereas they were found to be lower in luminance in every 
case by measurement on the spsctrophotometer. Ten samples 
(3, &, 8, 9, 10, 11, 12, 13, 19, end 24) were judged 
brighter in eleven out of fifteen times and measured 
highor in luminance, Three (15, 16, and 20) were judged 
brighter six to ten times out of fifteen and measured 
higher in luminance, But two (2 and 14) were called a 
meteh in brightness eleven times out of fifteen and were 
mensured higher in luminences and three (1, 17, and 18) 
were Golled « match six to ten times out of fifteen end 
meesured higher in luminence, It is also worthy to note 
that the two which were celled » match in eleven out of 
fifteen times were among the highest measured values of 
iuminence of ell the ey 
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This brings to mind the assumption which wes 
in the beginning thet there was correletion between 
strength, hue, and brightness, as a whole, and purity, 
Gominent weve length, end luminance, ae a whole, From the 
foregoing, the assumption apparently is net valid, On the 
other hend, there is genereal belief thet the brightness 
enc etrength in one system end the luminance end purity in 
the other are interreleted, It is obvious that they ere 
interrelieted mathemetically in the I.GeI. system, and 
this givee added strength to the belief thet they are 
interrelated in the colorists' system. This interrelation- 
ship eppearently is sufficient to cause the colorist to 
sonfuse the two, or et least to report one in terms of the 
other, For exemple, sample #25 was judged (Bw), brighter 
end weeker, whereas the seme sample was meesured lower in 
luminence and only very slightly weaker, It is conecetveble 
thet the colorists noted thet the semple was weaker end 
reported it in terms cf brightness. Another exemple, 
semple ¢& wee alse judged (B w), brighter end weaker, It 
was measured higher in luminance and even “less weaker" 
than #25. This is the opposite case from thet ebeve, The 
brightness being noted, the coloriste may have reported 
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this in terms of weakness, A further example of this is 
found in the analysis of sample #&, which was judged (B w), 
brighter end weeker, whereas it was weasured higher in 
iuminenece and definitely stronger, In thie case it 
eppears thet the nctice of brightness compelled the 
colorist to cell « strong sample week, 

Again in semple #6, the colorists celled it 
(B se), brighter and “stronger-to-asmetch”, This sample 
Was measured lower in luminenes and stronger, There is no 
known reason why the somple was eelled brighter inetead of 
duller, but this preconceived idea of brightness wee mani-~ 
fest in calling s strong semple a match, iets, going 
towarcs the week directions It is poseiblie, however, that 
the reason may be that the eoloriets tend to judge ell 
Semples brighter then the standerd subconsciously because 
of the stendard's being hendled more often then any one 


Gemple end heving more shence to become soiled and dulled. | 


For want of a better reason, the tendency may be 
laid to the incompatibility between the peychological 
sensations with paychophysical measurements, Until this 
Gilemma is resolved, it may offer en explanation for the 
fact that some of the points inside the ellipse and very 
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Glose to the staniderd were judged to be not a match, At 
this point it mey be well te note that a strategic posi- 
tion for a point would be cone in which the interrelation- 
ship between brightness and strength was inoperative, 
This is, of course, hypothetical, 

These differences, real or imaginery, must be 
resclved in order to arrive eat an acceptable correlation 
between the fectors of the two systems. It is belicved 
thet this unfortunete situation will not hemper progress 
along these lines, for, recognizing the facts, the pite 
falis of unsound conelusions or despeir of success can be 
avoided. 

There seems to be good correlation, sa «a whole, 
between the judged and measured results regerding hue or 
Gominant wave length end strength or purity. 

Date on page 59 shows the comperison between the 
prediction frem the plot end the judgments ef the color- 
iste, it should be noted thet the agresment is almost 
entirely confined te those points cutside the ellipse. of 
the points inside the ellipse, there is only one-half 
agreement in four of the six points, Foints 5, 6, 21, and 
22 show et lenst one point of disagreement. The prediction | 
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from the plot wes made with no reference to the ellipse. 
The reference was with respect to a line sennseting the 
stenderd and illuminent C, es shown in Figure Til, page 45 
The lines divide the aree into sections, weaker towerd the 
filliwmineant point, stronger in the opposite direction, 
redder to the right ef the stenderd, and bluer or greener 
above end to the left of the standard, 

As thie was e mere quelitetive prediction as 
stated above, the agreement falls down in the region where 
quantitative readings become important, The region where 
quentitetive readings become Important is taken to be thet 
within the confines of the ellipse, It is believed that 
the over-sil correlation is misleading in that one might 
expect the correlation to stand in ail regions equally. 
This sppeers not to be the gases instead, those compari- 
eons where quentitetive readings are importent should be 


weighted more heevtly, or elee 2 complete new set of data 
should be collected exclusively in the area where quanti- 


tative reedings are important, 

To aceept the correlation ae « vhole would 
obviete the fundamentel concept that we seok the true 
Color telerance specificetion on the grounds of 
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_ -~perceptibility limits ond not acceptebility Limits, It te 
"fim the region of quontitative readings that the percepti« 
bility limite ere involved, uelitetive comparisons may 
be sufficient for acceptability limite but not for per- 
coptivility limite, | 

The foregoing argument te based alse upon the 
apparent lack of velidity of another basic assumption, 
that the date presented represents a group of seuples 
whose brightness values sre epproximately equel. It is 
impossible to say at this time whether or not the sasump- 
tion 1s velid or not, beosuse the literature on the 
(§ened.), just noticesble difference, brightness step is 
not conclusive, Nickerson!4 pelievos this (Jened.) step 
to be ebout 0.1 Munsell value step. According to this 
iden, #11 the semples are net of approximately equal 
vrightness. Note the dats on page 56 and the solumn 
Called Munsell Renotation Value. The range is from 2.06 to. 
Se54. The lest column in this treble shows the difference 
of erch semple in Munsell Velue Renotation from that of the 
stenderd, It will be noted, however, that the six points 
which fall inside the sllipse ere within 0,1 value step of 
the standard, exeopt (6, which 1s only -0.12 from the 
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stenderd, It, therefore, seems likely that the points of 
most importance ere within the limite set up by Nickerson 
and ean be said to be of sequel brightness, ven though the 
veneimier eennot be seid to be of equel Brightness, they 
are so far off in purity end dominant weve length thet they 
| ere of relatively little tmportance, es regards the matter 
et honds 
| Aecording to Bellery and Newnel2?®, » (femeds) 
in brightness is 0.08 st @ chroma, If this is taken to be 
the fact, then none of the samples is “equal” in bright- 
neas te the stemiard, even the ones felling within the 
ellipses, tut they ere very close indesd (perhaps within | 
experimentel error), +O.05, +9,07, +Oel®, -0.05, -0.04, 
and =05 0% 
| The ever-all conelusion with regard te the sbeove 
is thet even though el] the semples are not of agproxi-+ 
mately equel brightness, the ones of most importance are 
of "equel" brightness according to Nickerson end are very 
Gloss te "oquel" brightness according to Bellemy end 
i Newhall. 
Regarding the consistency and accuracy of the 
coloriste, it is tentatively concluded thet the consistency 
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within and among colorists 1s good, agreeing with 
Davidson? on this point, Further, it is tentatively cone 
eluded thet the over-all accuracy of the ecolorists ia good, 
agreeing with Devidson?® on this point, but that the 
conclusion is misleading. Fon as stated above, it seems 
thet quantitative results become more important in the 
eritical regien (within the ellipse), and unless they ere 
weighted more heavily in this region, the stetisticel 
analysis will be out of balence, 

If such an cver-all statistical analysis must 
be retained, it is strongly recenmended that a system to 
weight the critical results be developed, This appears 
te be the only solution, for we will never be able to 


insert a yardetick into the eye-brain system of the human 


being in order to come up with some quentitative date. 
A summery of the conclusions Giseussed ebove 
are shown below in tabular forms 


le If the dete is teken es it is, then the Macédem ellipse 


must be made eameller to denote a perseptibility limit. 
&— Points falling inside the ellipse and net judged te be — 

e meteh can be expleined on the basis of the intere 

relationship between purity and brightness in the 
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colorists’ system, and the incompetibility of psyehe- 
logicel sensations and psychophysical measurements. 
Om the besie of (2), the Hachdam ellipse as it is, 
should net be rejected as defining the perceptibility 
limits, But its acceptance should depend upen posi« 
tive proof in the affirmetive, WNething in this 
investigation tends to disprove it. 

Consistency of Judgment by colorists te accepted, 
Aceuracy of judgment by coloriste "as 2 whole" is 
accepted, 

But accuresy of judgment by coloriets in the region 
where quantitative results are important is questioned 


‘To illustrate this point, it 1s conceivable that 


given e semple heving an appreciable difference in 
luminence from the stenderd, its purity velue could 
so be erranged that a colorist would eall the semple 
a match in all three respects--brightness, hue, and 
strength (essuming no change in hue was involved). 


For future work it is recommended thet the 


general linea of this work be followed, incorporsting, of 
course, the intelligences on the subject which seems to be 


coming out in the literature et an increasing rates 
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SAMPLE QOMPOSITION VS. I+GeJ> QOORDINATES 
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Thesis 15646 
P27 Patton 
On the applicability 
of MacAdam ellipses to 
small color differences 
in wool. 


